Twin Research and Human Genetics Volume 8 Number 1 pp. 22-26 T he choice of where to live would appear to be determined by a combination of economic constraints and personal preferences. We have tested how far this choice is affected by the continuing effects of the environment shared within families, and genetic variation between people, using data from twin studies conducted in Australia. The addresses provided by study participants were categorized as urban, suburban and nonurban, and data were analyzed in three adult age groups. There were significant effects of both shared environment and genes, and the balance between them was affected by both sex and age. Shared environment accounted for some 50% of variation in the youngest group, but only about 10% in the oldest. As shared environmental effects decreased, additive genetic effects increased. These results have implications for internal migration of people within countries and, over the long term, for gene flow within and between populations. They may also be pertinent to the different prevalences of certain psychiatric diseases between city and country locations. Comparisons between countries with different demography are needed to confirm and further characterize these effects.
It is not possible for everyone to live where they would prefer, as competition for the most desired locations means that price limits the options available. Fortunately, this competition and the resulting restricted choice may be mitigated by variation between people in the locations and lifestyles which they prefer. Some may choose an inner-city location, others a remote one, and for many the intermediate suburban zone offers the best reconciliation of competing benefits. In practice, the reasons for choice of location are probably mixed. They may include access to employment, business, educational, cultural or recreational opportunities; affordability; familiarity with one location or type of location, perhaps as a result of growing up there; or emotional attachment to a place or a lifestyle. Such emotional/lifestyle considerations are probably responsible for much internal migration within countries like Australia, and may be separated from the more economic aspects of lifestyle improvement which affect movement between countries (which we do not consider here).
One approach to understanding preferences for different locations is to study the degree of similarity in the choices made by people who are similar to each other, and by those who differ. This may be done by studying people who are biologically related to each other, and similarities between relatives may be attributed to shared family environments or to shared genetic influences. In principle, this may include studies of adoptees or extended pedigrees, but a powerful and widely used method is to compare the similarity of twins within either monozygotic (MZ) or dizygotic (DZ) pairs. Both types of pair nearly always share their early family environment, social and educational background, and place of residence until around the age of twenty years. The members of a MZ pair are genetically identical (apart from postconceptional mutations and gene rearrangements) but DZ pairs share, on average, only half their nuclear genes. A greater similarity between members of MZ than DZ pairs is taken as evidence for a genetic influence on the characteristic in question.
In this paper, we analyze data on the addresses given by participants in two large twin studies on personality and behavior, conducted across Australia during the 1990s. Postcodes have been used to identify the participants' residential locations, and form the basis of classification into urban, suburban and nonurban zones. This has been used to examine the effects of shared environments and shared genes on choice of where to live.
Subjects and Methods
Subjects were recruited through the Australian Twin Registry for questionnaire or telephone interview studies on personality and behavior. They were studied in two groups, Cohort 1 (born before 1965;
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Choice of Residential Location Heath et al., 1997 ) and Cohort 2 (born between 1965 and 1971 Nelson et al., 2004) . There is evidence that these groups were similar to the Australian population in their social and educational characteristics. A number of comparisons with the Australian Bureau of Statistics data have been made for Cohort 1 and deviations with respect to education, socioeconomic status and prevalence of psychiatric symptoms are slight (Baker et al., 1996; Heath et al., 1997; Jardine & Martin, 1984; Kendler et al., 1995) . Even if some differences to the overall population do exist, the aim of this study was to assess genetic and nongenetic sources of variation in the location of the study participants, and these aims would not be affected by the deviations that are likely to be present.
Zygosity was determined from responses to questions about physical similarity and the inability of others to tell them apart, supplemented by blood group information and, in the case of DZ pairs included in subsequent linkage analysis, genome-wide microsatellite genotyping.
Date of birth was used to divide the participants into three age groups; those born before 1951, those born between 1951 and 1964 (both from Cohort 1), and those born between 1965 and 1971 (Cohort 2). A very small proportion of Cohort 2 (less than 0.2%) appear to have been born before or after these dates. The Cohort 1 interviews took place in 1992 and 1993 and the age of these subjects at interview was 44 years on average (range = 27-90). The Cohort 2 interviews took place between 1996 and 2000 and the age of these subjects at interview was 30 years on average (range = 24-39). Postcode data for the addresses provided by the participants updated to the time of last contact were used to determine location. There is some uncertainty about the date of the last address update, which may have a small effect on the subjects' ages at the relevant time, but any errors introduced from this source will be small in relation to the differences in age between the three groups. Subjects' postcodes were categorized into urban, suburban or rural zones, as described in Table 1 . Using these three categories as an ordinal variable, the polychoric correlations by zygosity and age group were estimated and models of genetic and nongenetic sources of variation fitted using Mx 1.57 (Neale et al., 2003) .
Results
Using the definitions of three residential zones as shown in Table 1 , approximately 10% of the individuals with postcode data lived in the urban zone, 40% in the suburban zone, and 45% in the nonurban zone ( Table 2 ). The polychoric correlations by twin-pair zygosity are shown in Table 3 . These correlations were high and equal for MZ and DZ same-sex pairs in the youngest group (born 1965 to 1971) , and the DZ correlations were lower (first for women, and then for men also) in the older groups. This suggested an initial predominance of shared environmental effects, with genetic variation becoming important later in life. The DZ opposite-sex correlations were lower than the same-sex pair correlations in the youngest group, suggesting that shared environmental effects are less important or different in opposite-sex pairs. Note: For each subject, the postcode of their address was extracted and the distance to the nearest state capital or other major urban centre (as listed) was determined. Addresses were categorized as urban, suburban or nonurban using the criteria shown. 
Note: The categories urban, suburban and nonurban were treated as an ordinal variable from which the correlations were estimated.
These patterns of correlation led us to test models of sources of variation, with results shown in Table 4 . These assume the same sources of variation for men and women; models which included sex limitation were also tested but showed no significant improvement in any of the age groups. The AE models were definitely rejected, and the CE models gave a marginally poorer fit than the ACE models in the youngest and the intermediate groups, while the CE model was rejected in the oldest group. Overall, the estimates of A (additive genetic), C (shared environment) and E (nonshared environment) under the ACE model showed an initial preponderance of C over A in the youngest group, shifting to a much greater A estimate than C in the oldest. This is illustrated in Figure 1 .
Discussion
Our main finding is that effects of shared environment and of genetic factors on place of residence exist, but their relative importance varies with date of birth and therefore, presumably, age. In the youngest group, the urban/suburban/nonurban division was determined by shared and nonshared environmental factors. This can be seen from the correlations in the second column of Table 3 , which are essentially identical for MZ and DZ same-sex pairs. It is interesting to note that in this group the estimated correlation was lower in opposite-sex pairs than for either male or female same-sex DZ pairs, suggesting that there are aspects of the environment which have been shared less by brother-sister pairs than by brothers with brothers or sisters with sisters. Shared environment may of course include peer interactions as well as the effects of parental characteristics on children, and these may well be sex-specific. However the model-fitting did not show significant sex limitation of either genetic or environmental factors, possibly because of lack of power using categorical variables.
Genetic factors become more important with increasing age. In the group born between 1951 and 1964, who would have been aged between 28 and 42 years at the relevant time, the genetic contribution appears, from the pattern of correlations, to be greater for women than for men. However, this was not significant in the comparison of models with and A C E
Figure 1
Proportions of variation in residential location attributable to additive genetic (A), shared environmental (C), and nonshared environmental (E) sources, in three groups divided by date of birth. Error bars show 95% confidence intervals of the estimates. without sex limitation. In the oldest group, born before 1951 and aged between 41 and 90 years in 1992/1993, the genetic contribution to place of residence dominates in both men and women. The proportion of variation due to shared environmental effects at the younger ages, and genes at the older ages, was surprisingly high. Over half the variation could be ascribed to these sources, even though the choice of residence would generally have involved both the twin and their spouse or other long-term partner (who would bring their own familial and genetic background to the decision). This may be due to assortative mating for social status, birthplace or parental residence, or other factors relevant to the urban/suburban/ nonurban lifestyle choice. Such a pattern of assortative mating by place of residence at the time of partner choice would, in the absence of other factors promoting movement and exogamy, amplify population genetic variance for residential choice.
One explanation for the differences in sources of variation between the age groups is that as people grow older, they are more likely to make choices based on their own underlying preferences and natures and less likely to be affected by their family's background. A similar phenomenon, with an earlier age of change, has been proposed for the social attitude dimension of conservatism (Eaves et al., 1997) . Because we only studied one time-point for each subject, it is not formally possible to distinguish agerelated effects from secular trends, but the proportion of people living within each of the three zones was constant across the three age groups.
The criteria we used to define the three zones of urban, suburban and nonurban residence were based on subjective knowledge of the nature of Australia's cities rather than on, for example, census data on population density. Nevertheless, this definition gave some interesting insights. Any future work on this topic would benefit from a more rigorous approach to the definition of zones, or the use of population density as a continuous variable.
Factors affecting residential location and the choices which people make about this have a significance which extends beyond the real estate industry and government planning agencies. Urbanization and the factors which drive or retard it have a number of health, social and perhaps evolutionary implications. There is contemporary evidence that urbanization affects the prevalence of depression and psychosis , alcohol and drug dependence , and coronary heart disease . Although these findings may reflect social deprivation rather than population density, or perhaps a tendency of mentally disturbed individuals to move to inner-city areas, we cannot exclude an effect of urbanization and associated stresses on psychiatric and even physical morbidity. There is considerable information on the link between urbanization and psychosis, including evidence for a vulnerability period during childhood and early adolescence and dose-related risk (Pedersen & Mortensen, 2001 ).
In the past, when infectious disease and epidemics were a much greater cause of mortality, living in the densely populated cities probably increased mortality. Certainly outbreaks of plague prompted those who could do so to leave the cities. Offsetting this, from Dick Whittington's London to contemporary China, enterprising or desperate people have moved from the country to large cities because of their perception of better economic opportunities.
It is unlikely that such internal migration is random with respect to genes influencing important behavioral dimensions. Obviously the balance is affected by many complex and competing factors to which we now have to add a significant contribution from genetic differences between people. The mediating or modifying variables through which this is expressed are still unknown, and will repay further study. In particular, it would be interesting to test the generalizability of our findings to other countries that are demographically either similar to or different from Australia. The existence of twin registries in countries of comparatively recent European settlement such as Australia, Canada and the United States; many countries in Western Europe and Scandanavia; and Asian countries including China, Korea and Japan (Busjahn, 2002) will facilitate further testing and comparisons, and more detailed examination of our hypothesis.
